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DISPOSABLE gPERHlClDE-RELEASIHC DIAPHRAGM 
This invention relates to an iaproved 
intravaglaal contraceptive barrier and, aore 
particularly, to a disposable Homoplastic vaginal 
diaphraga with controlled releaee o£ spermicidal 
3 agent and aethod of naklng the ease. 

Description of the Prior Art 
At an intravaginal contraceptive barrier* the 
diaphraga aeually a eoft rubber cop with a 
reinforced ria that la Inserted into the vagina to 
10 block acceae of apera to the cervia - ia an 
excellent alternative for woaen who have conditions 
which do not allow the use of oral contraceptives 
or IUD or who do not wish to use these aethods. 
Although the diaphraga la uaually 100X risk-free 
15 and can be a reliable contraceptive for most women, 
to be effective it auet be need properly. 

There are generally four (4) typea of 
commercially available diaphragaa. The coil-apring 
diaphraga containe a round, epiral-coiled, aetal 
.20 wire in the ria which is encircled with rubber. 
This type of diaphraga is particularly suited 
for women with strong vaginal muscles and a 
vagina of normal aise and contour. The flat-spring 
diaphraga has a flat, metal band in the ria, and it 
25 is firmer than the coil-spring type. The arching- 
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•print dlaphraga coablnea feature* of both eoll- 
epriag and flat-eprlng dlaphragaa. A doable aetal 
•pring la tht rln product* atrong praaaora agalaat 
the vaginal valla, aad it ia uaed prlaarlly by 
3 voaan with poor vaginal auecle ton*. Finally , tha 
Matrlaalua dlaphraga hat a atrong, flat ataal band 
In th« ria which la curved inetead of round to 
placa an addad lift agalnat tha antarlor vaginal 
wall. 

10 Many factore aaaoelatad with tha oaa of 

praaantly available dlaphragaa have prevented thair 
widespread uae. Whlla the dlaphraga acta aa a 
harrlar to moat epera, it la not normally hald 
tightly anovgh In front of tha cervix to prevent 

13 antlraly tha paaaaga of all epera around tha ria. 
Therefor., tha device la need in moat lnatancaa 
with a spermicidal craan or Jelly. Tha aparalcldaa 
are often messy and tend to flow out of tha 
vagina. Repleniahlag tha aperalclde can ba 

20 expensive If tha dlaphraga ia uaed frequently. The 
use of conventional dlaphragaa not only 
interrupts the noraal love-aaking sequence, but It 
presenta problena with maintenance aaaoelatad with 
dlaphraga washing, drying, powdering, and 

25 Inapection. 

Nuaeroua contraceptive devlcea hava been 
developed to eliminate the dlaadvantagea of current 
reusable diaphragms. Prior art annular devlcea 
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provide 



controlled 



releaee of surf aetant-type 



speralcidss in tht vagina, but they do not set ae a 
Warrior to epera depoeitlon on or in tho nron of 
th« eervi*. Dcvlecs with coapartaente that 
5 substantially cap or block the cervix and provide 
controlled releaae of opcralcldal aurfactanta 
have been diaeloeed; however » theee devlcee are 
not dloposable, and they are designed to reaaia In 
the vagina and release spermicide during the tiae 
10 between aenstrual periods. Because of this length 
of use, they ney develop probleas with odor or 
dlocoafort, snd they are less suited for woaen who 
engage In sexual Intercourse Infrequently* 



overcoae by the present Invention which is a 
disposable, theraoplastlc, elastoaeric vaginal 
dlaphraga with a controlled release of speraicide. 
The dlaphraga acts as a physical barrier to aost 

20 epera, the Incorporated speraicide lacrosses 
contraceptive efficacy and acceptability, and 
polyethylene glycol, one of the Ingredients, 
provides the required surface lubricity for ease of 
insertion. It is understood that while the tera 

25 "dlaphraga" is used herein, the present invention 
Is also applicable to other intravaginal 
contraceptive barriers, »uch as the cervical cap, 
viaule and vault cap. It is also understood that 
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while eperalcldes «r« the preferred biologically 



•vcfc ss sotialcrobials or antifungals could also •• 
released froa th« deviess disclosed herein. 
S Tha dlaphraga la faraad froa a hoaogeaooe 

blend of a vatar-aolabla polymer, a speralclde, aad 
a theraoplastlc alaatoaar that it biologically 
eoapatabla. Tha prafarrad eoablaatloa of 
lagredleats for tha dlaphraga laclwdee Noaoayaol-t 
10 aa tha aparalelda, Zetaae 3714 froa l.F. Goodrich 
a» tha thermoplastic alaatoaar, aad polyethylene 
glycol as tha watar-eoluble polymer. By aeaas of 
aparalelda aad polyathylaaa glycol loadiog, flla 
thickness aad dlaphraga area, Hoaoxyaol-9 la 
15 ralaaaad from tha dlaphraga through a diffusion 
aachaalaa at a cootrollad rata to provide 
contraceptive efficacy laltlally and for 24 houra. 

Because of its thermoplastic characteristics, 
the dlaphraga can ba aade by two methods: dip- 
^ 20 coating and melt foraatioo. 

BRIEF DESCRIPTION OF THE FIGUR ES OF THE DRAWING. 

Fig. 1 la a perspective view of the dlaphraga 
of the present Invention; and 

Fig. 2 is a vertical side view of the' 
25 dlaphraga taken along line 2-2 in Fig. 1. 

DETAILED DESCRIPTION QF THE ILLUS TRATIVE EMBODIMENT 

The present Invention encompasses disposable 
devices whose construction allows thea to be 
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positioned within tht vagina auch that they 
substantially block the access of tha epera to tba 
cervix and provide controlled release of a 
spermicide or other biologically active aganta by 
5 diffusion from tha device. As seen in Figs. 1 and 
2, the preferred eabodlaent of thie device la that 
of an imperforate, doae-ehaped diaphragm (10) 
constructed of a thin elaetoaeric fila (12) 
supported along its ria or outer periphery (14) by 

10 a resilient polyaeric ring (16). The diaphraga la 
perferably coapoeed of a biologically coapatible. 
thermoplastic elaatoaer, auch ae a polyether- 
polyurethane. that has been blended hoaogeneouely 
vlth a aperaicide, each aa Bonoxynol-9 (HH9), and a 

15 water-eoluble polymer, auch aa polyethylene glycol. 
The aperaicide and the vater-eoluble polyaar 
algrate to the aurface of tha device by diffueion, 
and are released into tha vagina at a controlled 
rate upon contact with vaginal fluid. 

20 The spermicide and water-eoluble polyaar aay 

be incorporated into either the ring or the doae- 
like fila portion of the device, with the preferred 
device having a ring and film portion of the aaae 
coaposition. Devicea having aperaicide uniforaly 

25 distributed throughout their atructure provide a 
unique and highly effective aethod of aperaicide 
delivery in the vagina. Speraicide is releaaed 
(1) from the outer aurface of the dome directly on 
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th. .urfece of th. ejaculation. (2) fro. tb. rl. of 
device to prevent .per. .igration around tho ri«, 
and (3) fro. tho innor .urf.c. of tho do., into 
the .r.. .urrounding the c.rvi« for 
5 .exi.o. protection .g.i».t .por. .igr.tio. 
into the c.rvic.l o.. When . It* -ol.c.l.r 
weight, w.t.r-.olubl. poly.er, .«ch a. poly- 
ethylene glycol i. incorporated .long with 
Hononynol-9 into . device ..do of • 

10 polyether-polyureth.no el.eto.er. .«ch .o 

B.t.ne 3714, it .igr.te. to the ..rf.ee of 
the device .nd provid.. . lnbric.ting fil. 
which .id. inth. i...rtio. of th. d.vic. into 
T.gi... The incorpor.tion of th. poly.thyl.ne 

15 glycol .l.o incrce. the initi.l ..ount of 
.p«r.icid. r.l...ed into the v.gin. i.-di.t.ly 
following ine.rtion by .idi.g in the diff.eion 
of the .p.r.icid.. Th... th. r.pid initi.l 
rele... of .p.r.icid. fro. the device upon 

20 ine.rtion provide, .ffctiv. .p.r.leld.l .ction in 
th. .v.nt of eoitu. i—di.t.ly following i«..rtio. 

of the device. 

The di.phr.g.. of the preferred e.bodi.ent 
will contain end rele... . .uffici.nt qu.ntity of 
25 Nonoxynol-9 at a .uitabl. r.te to provide effective 
aper.icid.1 .ction i..edi«t«ly and for 2* hour, 
following io.ertion. even in the event of 
coo.ecutiv. coital act.. It i» under.tood th.t 
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while the perferred period of It 24 hours, device* 
of the present Invention may be designed to deliver 
spermicides In the vagina for such longer or 
•horter periods of u*e. 
5 Because the subject devices are fabricated 

from inexpensive, thermoplas t ic polymers, they amy 
be manufactured in mass quantities at a low 
coat bj standard methoda, such aa Injection* 
molding and dip-casting, Aa a reault of their 

* 

10 lov cost, devices of this invention can be Bade 
available to a large segment the population* 

The devices disclosed herein, and especially 
the vaginal diaphragm coaposed of a thermoplae tic 
elastomer and containing uniformly distributed 
15 Nonoxynol-9 and polyethylene glycol, overcome many 
of the disadvantages of devices of the prior art. 
Diaphragms encompassed by the present Invention 
eliminate the mess associated vith use of accessory 
spermicides necessary vith the current reusable 
20 diaphragms. They are aore convenient to uae 
because they are disposable and , therefore, 
require no care and maintenance. They provide 
effective contraception immediately and for 24 
hours following insertion , allowing the user to 
25 utilize the product with confidence of efficacy at 
any time within this period and thus eliminating 
the proximal tiding needed with other vaginal 
contraceptives. They contain and releaae 

sufficient spermicide to provide effective 
contraception in the event of consecutive coital 
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episodes, and they sre relatively inexpensive to 
one* The aforesaid advantages of the diaphragms 
disclosed heroin should result in a wider uaar 
acceptance of products of this nature* 
5 The devices diaclosed herein ere prepared fros # 

components which are described in detail 
hereinafter* 
A* Ilaetomor 

The devices of the pressnt invention are 

10 compoeed of s thermoplastic elaetomer containing* 

aa a homogeneoue blend* a spermicide and, in the ^5) 
preferred cue, a low molecular weight* water- 
soluble polymer. The thermoplee tic elaetomere used 
for the purpose of this invention are vaginally 

15 compatible and permeable to the drug to be 
delivered. Aa uaed herein* the word "compatible* 
weens thet the polymer does not break down or 
abaorb fluids in the environment of the vagina such 
that there ia a substantial loss of mechanical 

20 peopcrties, nor is there absorption of any of the 
polymeric material itself. Alio, the term 
"compatible" m*ane that there ie no deleterious 
action on the aenaltive tissue in the area of the 
vaginal tract and that the elastomer doea not harm 

25 the drugs and polymers blended wit hin* 

Any compatible, sstic elas tomer^with 

suitable drug permeability may be used to prepare 
the devices of this invention* However, in order 
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to achieve * certain degree of softness and 
flexibility for the dome and resilience for tho 
ring* it la preferred to use thermoplastic 
elastomere having an average 8hore A hardaeee of 
3 about 40 to 90. Tha aoat preferred range la fros 
about 60 to 90. Another major functional parameter 
of tha candidate polymere or elaatoaara la their 
aechanlcal propertiee. Baaed upon the aechanlcal 
propertlea of coaaerclal diaphraga materiale, the 

10 preferred polymer should have a tenalle atrength of 
at leaat 1500 pal and a 100Z aodulua of at laaat 
100 when loaded with the neceaaary amount of 
spermicide and other additives. High molecular 
velghta and high softening points are deairable for 

15 good barrier strength and ring resiliency at body 
temperature (37'C). 

The preferred thermoplaatic elastomers are 
polyurethanes having a polyether or polyester 
linkage* The most preferred thermoplastic 

20 elastomer is Estane 5714, a polether based 

polyurethane made by B.F. Goodrich, Cinnclnanti, 
Ohio. Estane was selected as a naterial-for the 
diaphragm based on its excellent physical and - 
mechanical properties, as veil as its low cost and 

25 good processability . Estane is also nontoxic, 
nonabsorbable, biocompatible and has the drug; 
permeability necessary for the desired release of 
spermicide* The percentage of Estane in the 
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diaphragm would be 100 ainus the perceatege o£ 
Hoooxynol-9 and water-.oluble polymer 41.cu.eed 
below. 

Other candidate polymer, include but are not 
Halted to ottaar polyether-polyurethane block 
copolymer. <eg. Pellethane), polyurathana. (•!• 
Bioeer). Ptyrene-butediene block copolymer, (eg. 
Kraton). poly <ethylene-co-vinyl acetate) (eg. 
Vynethene). polye.ter., polyethylene, Myloa, Teflon 
and the like. Additional theraopla.tie meterlal. 
which are vaginally compatible and which can be 
utilised in thi. invention are aet forth la 0.8. 
Patent Ho. 4.286,587. la.uced to Wong on September 
1, 1981. Although the ef oreaentioned aeterlal. are 
the preferred one. for devices of thi. invention, 
the uee of other theraopla.tic polyaer. or 
coabinetlon. thereof which have euitable aechanical 
propertie. end drug per.e.bility la fully 
conteaplated by this invention. 

20 »■ Speralclde 

A wide variety of spermicides .ay be used for 
the present invention to kill, Immmobili.e or 
otherwi.e render spera cells inactive in the 
vagina. The aost preferved sper.iclde_f3r_ji*a_lo 

25 thi. invention is C Nonoxynol-9^ 

nonylphenoxypolyethoxyeth.nol. which^-l. currently 
the aost widely used speralclde In vaginal 
preparation. in the Dnited Stat... Other 
.peraicide. which nay be used are, for exaaple. 
p-diisobutylphenoxypolyethyoxyeth.nol (Octoxynol). 
P -«th«nylphcnyl polyoxyethylene (8.8).ther 
(Meofegol). dodec.»ethyl.»« glycol aonol.ur.te. 
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s^diua lauryl eulfatei^tlfbugi? any e«apa*ibW, 



veter-soluble eperaieide mj bt used. -nonoxyn«l-9 
la preferred beeeuee it is considered aafe end 

efficacious. (cAFNorporetion ■ ekes Honoxynol-9 
3 uoder the trade naae & 
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elao eelle Honoxynel-9 under the trede neae of 
'sterox-MJ^) There ere aleo other aenuf ecturere of 
the eperaieide. 

The eaount of speraiclde contained In the 
10 devicee of thie Invention very in accordance with 
their rate of releeae froa the device and their 
speraical efficecy. In the preferred eabodiaent of 
thie invention, coaprieing e diaphraga coapoeed of 
Eetaae 57l4P-l/»ouoxynol-9 speraiclde, en? • 
olyethylene glycol, the eaoont of Honoxynol-9 uaed 





aay vary froa 3-30* based on the total weight of 
the device, with the preferred eaount in the renge 

of froa fy-lS* by weight^ Beaed on the eaount of 
Honoxynol-9 uaed in vaginal foraulationa of the 
^ 20 prior art and on the estlaeted concentretlon of 
Honoxynol-9 neceaeary to iaaobilixe apera in 
vaginal fluid, it is desired that devices of the 
preferred eabodiaent release approxiaately 40 ag of 
Honoxynol-9 within the first hour and froa 100-150 
25 ag within 24 hours following insertion into the 
vagina. Diaphragas preferred by thie invention 
containing approxiaately 9Z by weight of Nonoxynol- 
9 release the aforementioned desired aaount of 
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Monoxynol-9 • u . 
C. Wata r-Bolublt folwr 

With regard to the weter-eoluble polyner, a 
waxy, low-noleeular-weitlit conpound la preferred 
3 for tha invention, becanae It aigratee to tha 

eurfaee of tha device and previdee lubrication on 
contact with body without balnt eonaldarad 
-.easy". Accordingly, tha waxea should malt naar 
or below body tenperatnra to provide tha daalrad 
10 lubrication. Tha Incorporation of a water-eoluble . 
low-.olecular walght polyner alao nodlflee tha 
ralaaaa rata of spermicide fro. tha device by 
providing additional pathvaye for diffnalon «a it 
is released. 

15 Tha prafar rad polymar for thla mention ia 

^poly^ 



S r7nlln7 f ron ^OOto^g Pgl^ The * 0,t P" £,r " d 
molecular walght of tha polyethylene glycol ia 
•bout(l450^Thie poly-er nlgratea to the anrfaca 
20 of di.phr.g.s co.po.ad of B.tan. 57UF-1 containing 
91 by weight\of Honoxynol-9 to for. a lubricating 
flln, and .edifice the Monoxynol-9 releeeed by 
increasing both the overall releeee rate and the 
•mount of Nonoxynol-9 fro. the eubject diaphr.g. 
25 results in i.proved efficacy in the event of coitua 
i.nediately following insertion of the diephrag.. 

Surface coating of the aper.icide, by itaelf 
or in co.bination with a low .olecular weight. 
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water-soluble polymer, such as polyethylene glycol, 
asy slso be used to lapsrt the dcsirsble features 
af oreacntloned in reference to the Incorporation of 
the polymers into the devices of this invention* 
5 The preferred range of polyethylene glycol 

incorporation into the Estaoe 5714F-1 diaphragas of 
the preferred eabodiaent is froa 0 to 25Z baead on 
total weight of the device. The preferred aaount 
of polyethylene glycol with an average aolecolar / ^ 

10 weight of 1450 Incorporated into Estane 5714F-1 

diaphragas containing 9X by weight Nonoxynol-9 is^ 
about 10 to 15Z by weight* 
D • Speralclde Release Mechsnlsa 

The release of Nonoxynol-9 froa devices of 

15 this invention were characterised by both in vitro 
and in vivo methods. The following in vitro aethod 
vac utilised to estiaate the compositions that 
would produce the desired Nonoxynol-9 release 
profile of approximately 40 ag of Nonoxynol-9 

20 within the first hour and froa about 100 to 150 ag 
within 24 hours. Briefly, the in vitro release of 
Nonoxynol-9 la determined by placing subject 
samples or devices in an aqueous aediua such as 
distilled water or saline solution, equilibrating 

25 the solutions in a 37°C bath, and sampling the 
solution at regular time intervals. The samples 
are analysed by ultraviolet spectrophotometry and 
the Nonoxynol-9 concentration in each sample is 
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determined fro* • etandard Beer 'a lav calibration 
plot of ab.orb.oc. at • editable va*elengtb icraoe 
Moooxynol-9 concentration. If polyethylene glycol 
la ueed aa the vater-eoluble poly.er, It doea eot 

3 produce any interfering abeorptioo, and the 
analyaia ia etr.ightf orverd. A plot of the 
Honoxynol-9 concentration aa the ordinate end ti.e 
•a the abaelaaa deacribea the releaae of the 
«oooxynol-9 fro. aubject devicee vith ti.e. 

10 The releeae of biologically active age.te fro. 

device, of thia indention ia characteriaed by 
firet-order releaae kinetica aa deacrlbed by Fick'a 

lav. If fil« of known ««°" etr * * r * wd 

for analyaia, the p.r.eebility of an agent 
15 di.aolY.d or dlaperaed in the poly.eric fil. .ay be 
d.ter-ined fro- the folloving for- of Fick'a lav 
for releaae of dlaperaed drug fro. a alabt 
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20 vhere Co - drug loading. X - fil. thickne... «t - 
.... of agent rele.aed at tl«. t . M- - .... of 
.gent relea.ed at tin oo . .nd t - ti.e. By 



plotting £ 

Coj£ [ml 



25 8 

a. the ordinate .nd ti.e .a the ab.cla.a. the 
per.e.bility product *.C 5 . can be deter.ined a. 
the .lope of the initial atr.ight portion of the 
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curve. The permeability product can be then used to 

• i 

determine the drug loading, Co. necessary to produce the 
Cesired release of agent. 

Baaed on the foregoing dsterminstion , agent/polymer 

5 combinations can be selected which will provide the desired 
rate of agent releaae from the preferred devices of this 
invention. For spermicidal agents having a spermicidal 
activity similsr to Honoxynol-9, preferred devices would 
have an agent permeability, D.C. B in the range 10~ 10 to 

10 10' 12 g/cm.aec, and, preferably about 10" 11 g/ca.aac. 

The release of Nonoxynol-9 in vivo from diaphragms of 
the preferred embodiment of this invention, i.e. Estane 
5714F-1 diaphragms containing 9% by weight of Nonoxynol-9 
and 14% by weight of polyethylene glycol (mol. wt. 1450) was 

15 determined in baboons by the following method. Nonoxynol-9 
with f 14c ] was incorporated into said diaphragms at a 
level of 0.068% of the Nonoxynol-9 weight. The devicea 
were placed in the vaginas of baboons, removed after specific 
lengths of time, and the amount of Nonoxynol-9 remaining 

20 inthe diaphragms was determined by liquid scintillation 

counting. The amount of Nonoxynol-9 released during a given 
test period was then determined from the difference between 
initial oiaphragm loading and the amount of Nonoxynol-9 
remaining in the diaphragm after the in vivo incubation. 

25 Although specific analytical procedures may vary, the 
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..the*, of in vitro .«< i« an.lyti. of 

■onoxynol-9 i.l.M. fro. .ubj.et d.vic. .h-ld 
have .broad •PPlie«t*«« f "iMlili . T.tl.ty of 
othtr .g.ot. having bioloiieol activity. 
E. M«*nod of M anufacture 

The following de.cribe. en i.prov.d -ethod of 
.•oof act-ring v.gln.l diaphrag... the pr.ferrod 
device, of thi. invention, fro. ther.opla.tic 
poly-.r. and .L.to.er.. While the de.criptio. 
relate, to . preferred end convenient ..thod of 
..nuf.etur., v.riou. other ..thod. c.n be e.ploy.d 
to f.b-icat. ..id di.phr.i-. end other device. 
•nco.pa.*cd by thi. invention. 

The fir.t .top in the fi.bric.tion procedure 
Involve, .ixing th. co.p—«t. of the diaphrag. 
into a ho.ogeoeou. blend. Thi. «.y be acco.pll.b.d 
by «ixi«8 ot dia.olving the co.ponent. in a 
.uit.ble .olv.nt. a«ch .. t.tr.hydrof ur.n. or by 
blending the co.ponent. at elevated te.p.r.ture. by 
technique, know to th. art. Th. blended ..t.ri.l 
is then dri.d thoroughly to re.ov. .olv.nt or 
.oi.ture. .nd iniection .old.d into th. article 
described hereinafter. 

Method, of fabricating vaginal diaphrag.. fro. 
> th er.opl..tic el..to«.r. are known to the prior 
art . U.S. P.tent Ho. 2,697.057 di.clo.e. a Method 
•hereby diepo.able diaphrag- are ..nuf actured by 
positioning a thin .h.et of ther.opla. tic ..teri.l 
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ovar • circular ring foraad by extrusion, and 
aechafleally deforalng tha thin ahaat late tht 
ahapa of a doaa at alavated taaparaturea, 

producing tha dlaphraga barrlar and •••ling it to 
3 tha ring. U.S. Patant Ho. 4,093,490 dlacloaaa an 
iaproved aethod of foralng dlaphraga rlnga by 
lnjaetlon aoldlng and include tha uaa of vacuua or 
praaaura at elevated taaparatara to fora tha 
dlaphraga barrlar froa a separate ahaat of aatarlal 

10 and to eeal It to tha ring. 

Although the above aethod can be used to 
produce tha devices diacloaad by thla invention, 
tha preferred aethod of dlaphraga aanufacture 
diacloaad herein la an laproved aethod over tha 

15 prior art by lta ellainatlon of the aeparate 

fabrication of aheeta of aatarlal for the dlaphraga 
barrier, and the sealing of aald sheets onto the 
diaphragm ring. According to the preferred aethod 
of this invention, the dlaphraga ria is injection 

20 aolded in a aingle step vlth a thin, planar fila 
occluding its center. For brevity, the tern 
"prediaphraga" will be used herein to describe this 
device. The done-shaped portion of the dlaphraga 
is forned by deforming the center fila portion of 

25 the injection molded prediaphraga into a done* 

shaped mold by pressure, vacuum or mechanical means 
at elevated temperatures . 

The specific fabrication procedure involves 
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heating the preferred notarial to a teaperatnre 
high enough to eoften it but low enough to prevent 
degradation or chcaical reaction of any component* 
of tha notarial. Tha apaeific haating teaperatnre 
3 •■ployed will vary dapanding npon tha coapoaition 
of tha n.tarial. For Eatan. 5714F-1 containing 9X 

m 

by weight *ono*ynel-° and 14% by vaight 
polyathyl.n. glycol, (aol. wt. 1430), tha injection 
.elding te.perature .ay vary fro. 135-130»C. Aftar 

10 injection .olding, the flaeh la tri.nad fro. tha 
pradiaphrag. and it la placed into tha annular 
groove of tha diaphrag. .old uaad to for. tha do.a. 
Tha pradiaphrag. ia than haatad by any suitable 
acthod to aoften it prior to dafor.ing It into tha 

13 .old. The prefarrad aathod of for.lng tha. do.a la 
to apply praaeura or vaccoa to the ooftaaad 
prediaphraga. 

Although the aathod of aanufacture deacribed 
hereinabove la highly preferred for the dlaphragaa 

20 diacloaed by thie invention, other aethoda known to 
the art can be eaployed to fabricate dlaphragaa or 
other devices encoapaased byt hia invention. For 
exaaple, devices can be fabricated by a dip-caeting 
process whereby a suitable nandrel, auch aa a glaaa 

25 tube, is dipped consecutively into a solution of 
the desired components in a volatile organic 
solvent. When the desired flla thickness has been 
deposited on the glaes tube, and before the fila 
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has dried completely, the film ie rolled down tho 
tuba to tho tip •»* allowed to dry there to for* 
tho rim of tho device. Devices fabriceted by this 
procedure «r« then dried thoroughly to remove any 
trace of solvent. 

The resiliency, quality and dimensions of 
dlaphiagae produced by dlp-coetlng are subject o£ 
■any variables within the process. The number of 
dips and the polymer concentration In solution 
determine the barrier thickness. The cumulative 
depth of dipping, the dip aequencc, and the rete of 
removal froa solution determine the also and 
reelllency of the ring. 

The following dipping procedure haa been 
eatablished for diaphragms alsed for tooting In 
beboons : 

Diaphragas with an overall diameter of 4*. 2 an 
and an average barrier thickneaa of 0.203 am, ring 
diameter of 4.32 mm, and barrier depth of 16.51 mm 
are produced by dipping 33-mm-diameter glass tubes 
four times to depths of 10,9,8, and 7 cm, and 
allowing the film to dry in between dipe. The 

i 

tubes are removed slowly from the solution end 
inverted after dipping to dry. The film is then 
rolled down the glass tube to the tip. where it Is 
allowed to air dry for 24 hours. The diaphragm la 

then removed and dried in a vacuum oven for 24 

i 1 

hours. 
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F. To.tlng 

Th. di.phr.g-. of tht pr...nt i-v.ntioa haw. 
b..o .v.lu.t.d in vivo i» Moon and rabbit.. Th. 
In vivo r.le..e. ■igr.tion to the cervi* and 
ut.ro.. .nd *.gi».l .b.orption .ad ..cr.tlon of Mt 
h«. b.e» d.-o.tr.t.d .tili.i-t U««i« .cintill.t io. 
counting (L8C) analyeie. 

Effic.cy etudi.. i« b.boon ha*, alto .bovn 
th.t control di.phr.g-. v.r. .n .f f.etiv.. 
contr.c.ptiT. o-lj *».» proper pl.c.-.nt i- th. 
v.gin* ratal-ad. -h.r... th. HH9-lo.d.d 

di.phr.g... - • ".-It of their .p.r.icid.l 
activity, were .1-o.t always aff.ctiv. .v.« vh.n 
expelled during coif.. Additio-.lly . «o«. of the 
di. P hr.g- te.t.d prod-c.d .ny .ig«. of *.gi».l 
Irritation. 

The di.phr.g« of the pre.ent indention could 
be utilised to deliver other -edic-ent. .t . 
controlled rata. Th... drug, could include 
.t.roida to i-prov. contraceptive efficacy «nd 
.nti-icrobi.l. to tre.t or control v.ginU «»d 
related infection, .uch .. gonorrhea, berpe.. etc. 
The vaginal diaphr.g- c.n .1.. be u.ed to deliver 
other drugs including antibiotics, .ntitu-or 
age nts. cardiovascular drug., etc. If other drug. 
are incorporated within the di.phr.g-. it could be 
of a different composition fro- the .per-icide- 
releasing diaphrag- of the present invention. 
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Etttnt eoald ■till b« atod* bat tht other 
isgradloots would probably cboago* 
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CLAIMS t 

1* A disposable, eperalcide-releaslng 
intravaglnal contraceptive device comprielag an 
iaperf orate, flexible barriar portion baring 
raailiant means at an ootar periphery, said device 
including an incorporated spermicide whereby, whan 
aald device ia poaitloned vithin the vagina, aald 
spermicide ia released into the vagina at a 
controlled rate to provide effective spermicidal 
action for a predetermined amount of time* 

2. A device according to Claim 1 vhereln the 
reallent means is a resilient ring portion 
connected to aald outer periphery and aald barriar 
portion la formed from a homogeneous blend of 
affective amounta of a thermoplaa tic elaatomar and 
the spermicide. - 

3. A device as claimed in Claim 2 vhereln aald 
elastomer has an average Shore A hardness of from 
40 to 90. 

4. A device as claimed in Claim 3 vhereln aald 
elastomer has a tensile strength of at least 1500 
psi and a 1002 modulus of at least 100 when loaded 
vith said effective amounts of said spermicide and 
said polymer • 

5. A device as claimed in Claim 2 vhereln said 
elastomer is a polyur ethane • 

6. A device as claimed in any one of Claims 1 to 
5 wherein said spermicide is Nonoxynol-9. 
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7. A device ee cleiaed 1b eny one of the 
preceding Claiae wherein eeld aoaogeneeoe blend 
Includes en effective eaount of e vater-eolnble 
polyaer. 

3 8. A device ee cleiaed In Cleia 7 vhereia eaid 
polyaer hee e aoleculer veight reaglug « 00 «• 

6,000. 

9. A device ee cleiaed in Cleia 7 vhereia eeld 
polyaer le polyethylene glycol. 

10 10. A device ee cleiaed In Cleia 7 vhereia eeld 
effective enoont of eperaiclde rengee froa 3-30X by 
weight, eeld effective eaount of voter eoluhle 
polyaer rengee op to 25X by veight end eeld 
effective eaount of eleetoaer le 100X by veight 

13 alnue the effective eaounte of eeld eperaiclde end 
eeld polyaer. 

11. A device ee cleiaed In either Cleia 2 or Cleia 
7 wherein eeld ring portion le foraed froa eeld 
homogeneous blend. 

20 12. A device ee elelaed In Cleia 1 vherein eeld 
device ie e veglnel dlephrega or e cervlcel cep. 
13. A disposeble, eperaicide-rfcleaeing 
lntreveginal contraceptive device, coaprieing e 
berrier portion foraed froa a hoaogeneoue blend of 

25 effective amounts of a thermoplastic, polyether- 
polyurethane eleetoaer, a eperaiclde *nd e veter- 
•oluble polymer having a molecular weight ranging 
from 600 to 6,000. 
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.14. A .ethod for preventing conception, co.prl.lof 
the step of positioning within the vaginal 
posterior to the intreitus end adjacaat to tho 
cervical os, prior to coitus, a disposable, 

5 eper.ieide-releaaiug contraceptive barrier 
comprised of a ho.ogeneona blend of effective 
a.ouate of a ther.oplaetic. polyether-pol7«rsthane 
•l.ato.er and a aper.icide ao that aaid eper.ioide 
diffuse. fro. said barrier for a predetermined 
10 a.ount of tine into the area adjacent to the 
cervical oo to provide a spsr.icidal effect. 
13. A nethod of .anuf acturing a dl. potable vaginal 
barrier which rele.ae. aper.icid. at a controlled 
rate, co.priaing the ateps ofi 

15 a) -ixiog together effective Mount, of a 

th«r.o P l..tic el.sto.er and a aper.icid. to for. a 

ho.ogeoeous blend; 

b) shaping aaid blend into a device having a 
thin film occluding the center thereof and a 

20 reallient ri. about ita outer periphery; and 

c) forming said film into a done ahape. 

16. A ..tu.d a. clai-ed in Clai. 15 wherein said 
elastomer i. E.tane 571*. 

17. A .ethod a. clai.ed in Claim 16 wherein .aid 
25 spermicide is Nonoxynol-9 . 

18. A .ethod as clai.ed in Claim 15 wherein ..id 
blend further includes a water-soluble poly.er 
having a -olecular weight ranging fro. 600 to 
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6,000. 

It. /n inproveaent in • aethod of fabricating 
vaginal dlaphragas coapiising th« steps of 
positioning a thin shoot of thermoplastic 
5 elaetoaeric aatorlal alastoaer or«r a circular ring 
foraod by extrusion, deforaing the sheet at 
elevated teaperaturea into a doae-shaped barrier 
end eeallng said barrier to aeld ring to fora eeld 
dlaphraga, the iaproveaent coaprlaing: 

10 the step of fabricating said aheet froa a 

hoaogeneoua blend of effective aaounts of a 
theraoplastle polyether-polyurethane elaetoaer, a 
eperaiclde end a water-soluble polyaer having a 
aoleevler weight ranging froa 600 to 6,000. 

15 20. An inproveaent aa clalaed in Claia 19 wherein 
said blend coapriaes froa 3-30X by weight of 
Honoxynol-9, up to 25Z by weight of polyethylene 
glycol having an approxlaate aolecular weight of 
1450 and Estane 5714 in an amount equal to 1001 by 

20 weight alnus the aaounta of Honoxynol-9 and 
polyethylene glycol. 

21. A aethod of fabricating a disposable, 
speraiclde-releeslng vaginal barrier, coaprlaing 
the steps of: 

25 a) nixing together effective aaounts of a 

thermoplastic polyether-polyurethane elastomer., a 
spermicide and a vater-aoluble polyner having a 
molecular weight ranging from 600 to 6,000 to fora 
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• alxtorat 

b) injection .olding ••!<» aixture at • 
te.p.r.ture Mgn enough to .ofta. aaid .i«t.ra bat 
low ••oogh to pr.*.nt degradation of any of .aid 
3 al.ato.er. Mid epar.iclde or .aid poly.r •• «• *o 
fora a pr.diaphraga; 

e) placing .aid prediaphraga in • «.l* of 
daairad conf iguration for .aid barriar} 
d) aoftening aaid predlaphragat 
10 a) deforaing .aid pradiaphraga within mmi* 

nold to fora .aid barriar; and 

£) reaoving aaid barriar froa aaid .old. 

• 22. A aethod of fabricating a diepoaablt, 
•paraicida ralaa.lng vaginal di.phr.ga. coaprlalag 

13 ttaa atapa oft 

a) aixing together effective aaonnta of a 
ther.opl.atic polyether-polyuretbane ela.to.er, • 
aperaicide and a uater-.oluble polyaer baling a 
.ol.cul.r weight ranging fro. 600 to 6.000 to for. 

20 a aixture; 

b) dipping a tube into aaid aixtnra a 
predeterained nuuber of tiae., to fora a fil» 
thereon, each aucce..i*e tiae .aid tub. being 
dipped to a -ore .hallow depth within aaid 

25 aixture; 

c) drying aaid dipped tube betwe.n .aid 

dippings ; 
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d) rtaovlnf *«ld fila Ires 1 d tub«j cod 
«) dry* og »«id flla. 
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